Neuronal ischemic injury: light microscopy, ultrastructure and biochemistry.
A uniform, predictable pattern of cellular abnormalities is seen after complete, irreversible ischemic injury to the central nervous system. This is in contrast to the heterogeneous, multifocal picture which characterizes incomplete ischemia. The range of abnormalities in neuronal soma after an arterial occlusion changes considerably as a function of time and site. There is no single pattern of neuronal alteration that can be ascribed exclusively to ischemia. Red neurons are a relatively late (about 18 h) indicator of ischemia and are seen only in areas where blood supply is marginal. In addition to depletion of high-energy-phosphate reserves, brain ischemia results in characteristic alterations of amino acid concentrations in the ischemic tissue. Glutamate, glutamine, and aspartate either decrease or remain constant while alanine increases. Proportional decreases in the former three amino acids may be explained by simple dilution due to edema. Increases in alanine relative to glutamate and aspartate may be utilized as a biochemical index of perfusion to various brain regions.